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•with two of these names, leaving the first word for 
the definition' of persons engaged more obviously in 
the extension of chemical knowledge or the applica¬ 
tion of chemical principles. 

Pharmacy is an honourable occupation, and I can¬ 
not believe that the pharmacist would lose dignity or 
status by the change. Comparatively few pharmacists 
are chemists in the modern sense, and it is well 
known that in other great countries this confusion of 
titles does not prevail; in fact, this is one of the few 
points on which we are at variance with our Allies, 
whilst they are in complete harmony with the Hun. 

M. O. Forster. 

Savage Club, W.C.2, March 4. 


Graphic Methods hi Nautical Astronomy, 

In the issue of Nature published on October 24 
last (vol. cii., p. 15.5) there appeared an account of 
an ingenious chart devised by Mr. G. W. Littlehales, 
of the United States Hydrographic Department, for 
dealing rapidly with certain problems in nautical 
astronomy which involve the solution of a spherical 
triangle when the three sides, or the two sides and 
the included angle, are known. The article is entitled 
“ A New Graphic Method in Nautical Astronomy,” 
but it would appear that the idea has been familiar in 
France for more than five-and-twen,ty years. The 
possibility of constructing a chart like that made by 
Mr. G. W. Littlehales. was demonstrated by Maurice 
d’Ocagne so long ago as 1891 in his work “Nomo- 
graphie: les calculs usuels effectites a-u moyen des 
abaques,” p. 84, and an abacus devised by him on 
these lines was described in W. Dyck’s “ Katalog 
mathematischer und mathematisch-physikalischer 
Modetle, Apparate und Instrumente,” published in 
1892, p. 163. A figure of the chart can be found in 
a paper by d’Ocagne which appeared in the Journal 
de I’Ecole Polytechnique (second series, 4th cahier, 
1898, p. 224), and also in his “Traitd de Nomo- 
graphie,” 1899, p. 328. In a modified form the 
chart was employed by E. Coltignon in 1898 (see his 
“Note sur la determination de l’heure du passage du 
soleil dans un plan vertical,” Journal de VEcole Poly¬ 
technique, loc. cit., pp. 123-35). 

As drawn by Mr. Littlehales the chart occupies a 
square of 15-in. side. From 5 0 to 175 0 it is graduated 
to single degrees, and over a large part of the scale 
can be read by estimation to 6'. Although the 
printing of two copies obtained from Mr. Potter, 
agent for Admiralty charts, Minories, London (price 
2 s. 6 d. each), is roughly executed, the chart is capable 
of doing good service in providing a rapid means of 
checking the results of calculation.. _ The particular 
cases in the solution of spherical triangles it is de¬ 
signed to deal with, frequently occur in the reduction 
of crystal measurements, and the use of the chart 
can be confidently recommended to crystallographers. 

A. Hutchinson. 

The Mineralog-ica! Laboratory, Cambridge, 

February 26. 


Curious Markings on Chalk. 

In Nature, of March 6 there appeared a short 
notice of a piece of chalk said to be carved to repre¬ 
sent a mammoth. This specimen was described and 
figured by Mr. Reid Moir in the February issue of 
Mcm„ p. 17, pi.. B. Examination of the figures there 
given shows that the ohject is nothing more than 
a somewhat imperfect natural cast of a chamber 
of the shell of an Ammonite. It is significant that 
in some parts of the country where such casts are 
not uncommon the quarrymen call them “ pigs.” 

Chas. W. Andrews. 

British Museum (Natural History), Mareh 8. 
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Globular Clusters, Cepheid Variables, and Radiation. 

f 1) The determination of the past duration of solar 
radiation, and, consequently, the problem of the age 
of the inhabitable earth, imposes upon theories of 
radiation a difficulty the magnitude and fundamental 
importance of which appear to be too infrequently 
considered. The difference in the time-scales derived 
from the gravitational theory of solar energy and 
from geological and astronomical observation is .not 
one of a few per cent, (or less) of the basic quantities 
involved, as is generally the case with the discrepancies 
that have led to conspicuous modifications of radiation 
theories; the discrepancy is rather a matter of a 
hundred to one, or even of a thousand or more to one. 
A more glaring disagreement could scarcely be 
imagined between a generally accepted and thoroughly 
workable theory on one hand, and, on the other, a 
mass of observation now too extensive and varied to 
be denied and some equally formidable physical laws. 

Until recently the arguments for a long time-scale 
have been mostly geological and biological, and they 
have not been strongly insisted upon; imperfections 
in the geological records have been held to minimise 
the disagreement with the Helmholtz-Kelvin contrac¬ 
tion theory of the sun. Similarly, the arguments for 
the short time-scale have not been too convincing,_ to 
some geologists at least, because of the promising 
possibility of finding new sources of energy or other 
escape from the physical theory. Hence on both 
sides of the question there has been a feeling of un¬ 
certainty relative to the validity and finality of oppos¬ 
ing arguments, and on neither side has _ the dis¬ 
crepancy been strongly emphasised as a critical point 
for theories of radiation and the structure of matter 

(2) In- recent volumes of Nature the limited possi¬ 
bilities of the gravitational contraction of the sun 
in the problem of the age of the earth have been 
argued anew by Lindemann, 1 Jeans, 2 and Eddington.* 
The energy of "contraction, as is well known, is essen¬ 
tially self-regulating for gaseous stars, and its evalua¬ 
tion is a clear and straightforward process. The 
available supplementary sources of energy seem in¬ 
competent; the heat of chemical combinations,, an 
assumed increase in the specific heat, any definitely 
recognised atomic supply—all. such as these appear 
quite insufficient to affect the problem. In fact, Jeans 
has shown by a calculation, remarkable both for its 
brevity and directness, that the total capacity of all 
electrical sources of energy (including the chemical 
and radio-active) must be comparatively small. He 
concludes : “ It accordingly looks as though the Helm¬ 
holtz contraction will provide much more energy than 
any other source,, and we must apparently adjust our 
views to the time-scale set by the contraction theory.’ 

Eddington 4 has pointed out important objections to 
the rather bizarre conception of obtaining great stores 
of energy through the gradual annihilation of matter, 
positive and negative electrons occasionally annulling 
each other. 

Hence, unless we question, in some manner wholly 
new, the strict application of the gravitational theory, 
we may feel now more certain than ever that the 
sun could have radiated at the present rate for only 
a few million years. 

(3) The main purpose of this note is to remark that 
recent developments in stellar astronomy make it 
unnecessary to rely on geological evidence alone for 
the proof of a vastly longer duration of solar radiation 
than the gravitational hypothesis admits. Thus the 
argument need no longer involve only the indefinite 
opposing of the tenets and conclusions of one science 

^ Vol. xev., pp, 203, 372 (1915). ^ Vol. xcix., p. 444 (19*7). 

a Vol. xcix., p. 445(1017). 

4 Loc. cit. and Monthly Notices, vdY. lxxvii., p. 611 (1917). 


© 1919 Nature Publishing Group 






26 


NATURE 


[March 13, 1919 


against those of another. Each of the lines of astro- 
physical evidence sketched below supports the exist¬ 
ence of a long time-scale; taken altogether, I believe 
they may be considered (in agreement with geological 
results) as very strong evidence that the quantity of 
energy radiated by the sun has not changed appreciably 
during more than a thousand million years. 5 

(a) Studies of globular clusters and of faint stars 
now indicate a diameter of the known galactic system 
of scarcely less than a half-million light-years. 6 
Average stellar velocities appear to be less than io -1 
times the velocity of light. Accordingly, a single 
oscillation-period of a star, or of a group of stars, in 
the galactic system is probably not less than io 10 
5 f ears—nearly a thousand times longer than the interval 
during which the Helmholtz-Kelvin contraction, ac¬ 
cording to current interpretation, can sustain present 
solar radiation—and one oscillation-period cannot be 
taken to represent a very large part of the history 
of a star’s evolution. 7 We have no evidence of 
clusters the stars of which are all at the beginning or 
end of their luminous careers; stars are not evolving 
from invisibility continuously and in great numbers 
in any part of the galactic system that we have 
studied. In other words, the introduction of a vastly 
greater linear scale into the sidereal system indicates 
the necessity for a corresponding increase in time. 

(b) Compared with the most distant globular clusters 
known, the brighter ones are some 200,000 light-years 
nearer the earth, and, therefore, in our records their 
stars are 200,000 years older. 8 Such an interval of 
time would more than suffice, on the basis of recog¬ 
nised sources of energy, for the whole development 
(through luminous stages) of a giant star, according 
to calculations by Eddington. 9 There is, however, no 
evidence of differences of age for near and distant 
clusters, either in the numbers, colours, and dis¬ 
tribution, or other properties of giant stars open to 
investigation. Indeed, the distribution and motion of 
globular clusters with respect to the galactic system, 
their isolation in space, and the evidence of states of 
interna! equilibrium practically negative the possibility 
of short life for their hundreds of giant stars. 

(c) The luminosity-period curve of Cepheid varia¬ 
tion 10 uniquely relates the period of pulsation of a 
giant Cepheid variable to its absolute brightness, the 
individual deviations from the mean curve averaging 
less than the observational uncertainties. The 
shorter the period of a Cepheid, the less is its 
absolute brightness. But for any given star this 
brightness does not decrease during the giant stage, 
according to theoretical results of Eddington 11 and 
Jeans 12 ; apparently, therefore, the total life of the 
variation of a Cepheid passes without appreciable 
shortening of period. 13 Since periods density - ! 
according to the hypothesis that some type of pulsa¬ 
tion is the cause of Cepheid phenomena, the variability 
passes also without appreciable change in mean 
density, and therefore gravitational contraction in these 
giant stars makes no progress during the whole 
interval of time that Cepheid variation is effective. 
This interval of time, however, must be exceedingly 
long: no certain non-periodic diminution either in 
amplitude or period has ever been detected in a typical 
Cepheid. Disregarding both the period-luminosity 

5 Cf. general discussion in Publ. Ast. Soc. Pac., vol. xxx., p. 283 (1918). 

Mt. Wilson Contr., No. 157(1918). 

7 Cf. Charlter, Observatory , vol. xl., p. 390 (1917): Jeans, ibid ., p. 406. 
A much smaller stellar system was considered by Charlier and Jeans than is 
now under consideration. 

8 Publ. Ast. Soc. Pac., vol. xxx., p. 54 (1918); Mt. Wilson Contr., 
No. 157, P- *4 (1918). 

9 Monthly Notices, vol, lxxvn., pp. 610, 612 (1917). 

10 Mt. Wilson Contr., No. 151, p. 16 (1917). 

11 Nature, vol. xcix.,- p. 308 (1917); Monthly Notices, vol.. Ixxvii., 
pn. 16, 506 (iqt6, 1917). 

12 Monthlv Notices.,vob. Ixxviii., p. 36 (1917). 

33 Mt. Wilson Con*r.. No. tg 4, p. 6 (tot-V 
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curve and the mathematical theory of a gaseous giant 
star, we still have, as Eddington has also noticed, 11 
an indication from individual Cepheids that the 
time-scale is long. A study of 8 Cephei 15 for 125 
years and of t, Geminorum for 75 years shows 
no measurable change in period—no change, therefore, 
either in mean density or in volume, and the observa¬ 
tions are precise enough to justify the conclusion that 
gravitational theory, as ordinarily interpreted, accounts 
for less than a thousandth of the energy that is 
radiated away. 

To the three groups of argument outlined above 
may be added a number of quantitatively less definite 
results. The clearest are :— (d) Evidence similar to (c) 
from the study of the periods of eclipsing binaries, 
and (e) the tidal development of our planetary system. 

None of these results goes farther numerically than 
to indicate lower limits to the time-scale. The evi¬ 
dence of contraction is essentially all negative, and 
the duration of stellar radiation may be anything 
greater than the lower limit. So far as we now know, 
it is just as probably a million as a hundred times the 
value provided by known.sources of energy. 

(4) It should be remarked that the geological 
evidence has become much stronger in recent years. 
The exhaustive summarisation by Barrell 16 of methods 
of measuring earth-age from the radio-activity of 
rhythms in sedimentation and erosion, salinity of the 
oceans, and biological evolution leaves little ground 
for a short time-scale in geological history. The oldest 
sedimentary rocks appear to be about 1,500,000,000 
years old, and before their formation unknown ages 
elapsed. Independently of the extrapolated results 
from radio-activitv in terrestrial rocks, Schuchert 17 
derives from studies in historical geology an age of 
some 800,000,000 years for the earliest Archaeozoic 
formations. 

(5) In computing the total energy radiated by the 
sun, the custom naturally has been to multiply the 
amount measured for unit area at the earth’s surface 
by the total superficial area of the sphere the centre 
of which is at the sun and the radius of which is 
the earth’s mean distance. It may be well to point 
out, as a possible contribution to the solution of the 
great discrepancy discussed above, that, however 
natural the customary procedure may be, nevertheless 
this integration over the whole sphere involves an 
assumption that may be not only unnecessary, but 
possibly even unwarranted in the present state of our 
knowledge of the theories and phenomena of radia¬ 
tion ; and if solar and stellar radiation is not uniformly 
propagated in all directions—if in any way it is facili¬ 
tated by the presence of surrounding bodies—then the 
controversy between the short and long time-scales 
approaches a solution that does not violate the basic 
results of either line of reasoning 

If, following Sir J. J. Thomson, 18 we actually 
materialise the Faraday lines of electric force and 
adopt a corpuscular theory of radiation, already we 
may have good reason to question the assumed inde¬ 
pendence of radiation and direction. The ordinary 
undulatory theory, to be sure, requires a continuity 
in the electromagnetic field,, but continuity is by no 
means a necessary postulate in the analysis of Max¬ 
well’s equations. 

A special and limiting condition, along the line^ of 
the present suggestion, would require that the radiation 
from an isolated source should be wholly confined to 
the solid angles subtended by surrounding matter. Dr. 

14 Observa'ory, vol. xli., p. 1379 (1918). 

15 Cf. analysis by Luizet, Annales de 1 ’Universit^ de Lyon, N.S., i. 
fascicule 33 (1912). 

18 Bull. Geol. Soc. of Arnfev., vol. xxviii., pp. 745-904 (1017). 

!7 “ The Evolution of the Earth and its Inhabitants ” (New Haven, 1918^ 
chap, ii. 

18 s< Electricity and Matter (London ' 1904),' and elsewhere. 
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Bateman’s 18 corpuscular theory of the structure of 
the electromagnetic field is not out of harmony with 
this view, and, moreover, his hypothesis has the dis¬ 
tinct advantage of accounting for wave-motion as a 
special case, thus apparently pointing to a method of 
avoiding those difficulties with interference and diffrac¬ 
tion that usually affect corpuscular theories. If we 
accept the rather preferable “solid angle” hypothesis 
instead of a less restricted type of non-uniform radia¬ 
tion (such, for instance, as the “specked” wave- 
front 20 ), it is not certain just what difficulties might 
arise in regard to the, ultimate trend of planetary 
temperatures. But certainly the great majority of 
recorded sidereal phenomena would be unaffected, 
whether the “solid angle” interpretation is adopted or 
merely one which requires that radiation should be 
much restricted outside the solid angle. 

In addition to the possibility of accounting imme¬ 
diately for the large discrepancy in the duration of 
solar and stellar radiation, there would be other 
decided advantages in a hypothesis of this kind. 

First, we should no longer be confronted with the 
tragic and almost incomprehensible “waste” of stellar 
energy. On the ordinary continuity theory, all the 
sun’s radiation, except the one-millionth of I per cent, 
that falls upon flanets or known stars, 21 penetrates 
indefinitely far beyond the regions where now we 
observe material bodies; and we recognise no reason¬ 
able mechanism for its recovery or rematerialisation.. 

Secondly, we should not have to call upon some 
unknown source of energy to account for the simplest 
problems of stellar radiation; the otherwise happy 
accordances now existing between astronomical ob¬ 
servation and gravitational theories of gaseous bodies 
would emerge from the shadow of this great doubt. 

Thirdly, among others of less obvious connection, 
the following outstanding stellar phenomena might 
find partial or complete explanation :—(a) The remark¬ 
able decrease of redness with brightness for. the giant 
stars in globular clusters 22 ; ( b ) the relation of spec¬ 
tral type to brightness for both giant and dwarf visual 
binaries; and (c) the low density of the reddish com¬ 
panions in eclipsing variable star systems. In all 
these cases it would be a matter of the ratio of the 
angle occupied by neighbouring bodies to the total 
solid angle. 

To summarise:—As commonly interpreted, the 
Helmholtz-Kelvin contraction, and other but less 
important known stores of energy, can have main¬ 
tained solar radiation for less than twenty million 
years. On the other hand, it is equally definite that 
the sun has radiated at its present rate for much 
more than a thousand million years; in support of 
strong geological evidence of a long time-scale, various 
astrophysical results may now be adduced, mainly 
from observations and interpretations of star clusters 
and variables. The very pronounced disagreement 
might be explained either if sources of energy now 
unrecognised could be discovered in the sun and stars, 
or if the necessity of modification of the physical 
theories could be demonstrated. “The search for an 
additional store of energy is not at all encouraging,” 23 
since gravitational, chemical, radio-active, or other 
electrical sources appear unavailihg. If we assume 
that the radiation from isolated sources, such as 
sidereal bodies, is not uniformly propagated in all 


Proc. ^at. Acad. Sci., vol. iv., p. 140(1918); the Messenger of Mathe- 
matics, N.S., vol. xlvii., p. 161 <1918); Phil. Mag., vol. xxxiv., p. 405 
(1917). The more extended statement of the theory will appear in the 
Proceedings of the London Mathematical Society, 

20 Sir J. J. Thomson, Proc. Cambr. Phil. Soc., vol. xiv., p. 419 (*9°7)- 
Cf. Jeans, “Report on Radiation and the Quantum-Theory” (London, 
1914). op. St, 85 ff. 

21 The angle subtended by the large nebulae much exceeds that of stars 
and planets, but it is very unlikely that the nebulae represent a continuous 
distribution of matter. 

22 Mt. Wilson Communications^ Nos. 19 and 34 (1916), and elsewhere. 

23 Eddington, Nature, vob xcix., p. 44s (1917) 
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directions, 21 we may find the solution not only to the 
dilemma of the ages of stars, but perhaps also to 
other astrophysical phenomena; and, conversely, the 
removal of this serious discrepancy may be proposed 
as an argument for a corpuscular theory of radiation, 
in which the direction of other bodies from a radiant 
source is an important factor. Harlow Shapley. 

Mount Wilson Solar Observatory, Pasadena, 
California, December 14, 1918. 


RESEARCH AND UNIVERSITY 
EDUCATION. 

I N his opening presidential address this session to 
the Royal Society of Edinburgh on “The En¬ 
dowment of Scientific and Industrial Research” 
(Proc. Roy. Soc. Edinburgh, 1919, vol. xxxix., 
No. 1), Dr. John Horne discusses the report of the 
Committee of the Privy Council for Scientific and 
Industrial Research for 1917-18, and the findings 
of Sir J. J. Thomson’s committee on the position 
of natural science in the educational system of 
Great Britain, and then turns his attention 
nearer home to the results of the Carnegie Trust’s 
research scheme in furnishing trained research 
workers. He alludes especially to the chemistry 
department of St. Andrews, which has secured 
more research scholars and fellows under this 
scheme than any other educational centre in Scot¬ 
land. Its favourable position in this respect is 
ascribed to the smallness of the number of 
students, to specially commodious and well- 
equipped laboratories, to a private research en¬ 
dowment which secures complete freedom of 
action to the head of the department and has 
rendered it unnecessary for him ever to approach 
the University Court for help, to a special field 
of investigation—the chemistry of ' sugars— 
capable of providing unlimited subjects for the 
training not only of the organic, but also of the 
physical and bio-chemist, and, lastly, to the initia¬ 
tive of the professor in finding Industrial positions 
for the trained workers—it is to be hoped, at a 
salary that interests the income-tax commissioner. 
In the larger Scottish universities the science 
departments struggle under the disadvantages of 
inadequate laboratories, crowded class-rooms, and 
overworked and underpaid staffs. One hears, in 
fact, of nothing now but the duplication of the 
notoriously large medical classes, and even of the 
double daily lectures being given by the same 
lecturer. The Carnegie Trustees are asked 
seriously to consider whether the funds provided 
for scientific study and investigation cannot be 
increased very largely. 

It is interesting to find thus officially recognised 
a few of the more elementary conditions for the 
fostering of research. The conclusion that one 
of the main reasons for the success of the St. 
Andrews chemical research school is due to the 

[December 28.] Father Rcd6s has pointed out to me that Poincar£, in a 
discussion; of the impossibility of regarding the sun as a cooling bod v entirely 
without power of renewing its heat (•“ Hypotheses Gosmogonique&’bp. .192), 
refers to the “ solid angle ” hypothesis, rejecting it, however, for the reason 
(which in the present problem does not now appear sufficient) that “at the 
moment when energy leaves the sun it obviously cannot foretell whether or 
not it will encounter a planet.” Poincard did not consider the discrepancy 
very serious between geology and the contraction theory, apparently 
believing that radio-activity would be competent to make up whatever defic 
of energy might exist. 
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